At a glance commentary
Scientific background on the subject
The Chang Gung Research Database (CGRD) is a database derived from original medical records of Chang Gung Memorial Hospital (CGMH). The volume of medical services in CGMH is large, and studies based on the CGRD are reported to be of high quality. However, the CGRD has not been analyzed before.
What this study adds to the field
This study indicates the CGRD is a multi-institutional, original medical record-based research database with high overall and disease-specific coverage of Taiwan. The population of the CGRD has significantly higher severity of comorbidities, and prevalence of specific diseases than those of Taiwan NHIRD and medical centers in Taiwan.
The Chang Gung Research Database (CGRD) is a deidentified database derived from medical records of Chang Gung Memorial Hospital (CGMH), and it is systematically updated annually to include new data generated in CGMH. CGMH, founded in 1976, is currently the largest hospital system in Taiwan, and it comprises seven medical institutes, which are located from the northeast to southern regions of Taiwan: Keelung CGMH, Taipei CGMH, Linkou CGMH, Taoyuan CGMH, Yunlin CGMH, Chiayi CGMH, and Kaohsiung CGMH. CGMH has 10,070 beds and admits more than 280,000 patients each year. The outpatient department visits and emergency department visits to CGMH were over 8,500,000 and 500,000, respectively in 2015 [1] . In recent years, the CGRD promoted clinical and scientific studies to a considerable extent. In 2015, more than 1800 studies were conducted by CGMH staff, and the studies were published in a diverse range of reputed journals. Some of these studies are based on the CGRD as multicenter research studies with relatively large sample sizes [2, 3] .
Although the CGRD is a medical record database with large volumes of data that are useful to perform several research studies and analysis, its characteristics and coverage have never been reported before. The objective of this study was to analyze the CGRD with regard to its characteristics and coverage of Taiwan's population.
Methods

Study population
We performed a nationwide cohort study using populationbased data from the Taiwan National Health Insurance Research Database (NHIRD), one of the largest administrative health-care databases worldwide. The National Health Insurance (NHI) program, implemented on March 1, 1995, is a single-payer compulsory and universal health insurance plan, and it now covers all forms of health-care services for over 99% of Taiwan's residents [4e8]. This high coverage rate (nearly 100%) enables studies based on the NHIRD to be nationwide and population-based. For researchers' convenience, the National Health Research Institutes (NHRI) of Taiwan sampled a representative database of 1 million patients from the year 2000 registry of all NHI enrollees (n ¼ 23,753,407) by using a systematic and random sampling method (Longitudinal Health Insurance Database, LHID2000) [6] . In LHID2000, no statistically significant differences exist in age, sex, or health-care costs between the sample group and all enrollees, according to NHRI Reports [6] . In this study, we used these databases for estimating outpatient visits and admissions of the sample cohort, as both include information about patient characteristics including sex, date of birth, date of admission, date of discharge, dates of outpatient visits, and up to three outpatient visit diagnoses and five discharge diagnoses [based on the International Classification of Diseases, Ninth Revision (ICD-9) classification] [9] . These databases have previously been used for various scientific studies, and the information they provide about diagnoses, hospitalizations, and prescription use has been proved to be of high quality [4,10e12] . The identification numbers of all patients in the NHIRD were encrypted to protect their privacy. The Ethics Review Board of our institution approved the study (CGMH-IRB No. 201600346B0).
Study design
The flowchart of the patient enrollment process of study cohort is presented in Fig. 1 . The study cohort was identified
from LHID2000, which comprise 1 million beneficiaries. Complete data of all these beneficiaries were recorded from January 1, 1997, to December 31, 2010. We conducted a nationwide population-based cohort study that included all patients who had any medical record of outpatient visits or admission between January 1, 1997, and December 31, 2010 (n ¼ 974,019). We excluded patients who died or dropped out from the NHI scheme before January 1, 2001, to allow for more than 4 years of study period. On the basis of this criterion, data on 44,587 patients were excluded. Finally, data on 929,432 patients were included in this study.
The claim data of each outpatient and inpatient visits sourced from the LHID2000 (a subset database of NHIRD) included the variables of "hospital grade" and "hospital ID". Patients with outpatient visits were categorized into three groups: Group 1, NHIRD (all patients); Group 2, Center [patients with record of outpatient visit(s) in any medical center]; Group 3, CGRD [patients with record of outpatient visit(s) in CGMH]. Accordingly, we also grouped patients with record of admission into Group 1 (NHIRD), Group 2 (Center), and Group 3 (CGRD).
Patients' sociodemographic information including age, sex, socioeconomic status, and urbanicity level was obtained from enrollment data files in LHID2000. The sociodemographic information such as age, socioeconomic status, and urbanicity level might change over time. Thus, to define the patients' sociodemographic information in the same period is necessary for fair comparison. In this study, we used a subset database of NHIRD e LHID2000 which contained one million enrollnees. All the enrollnees in LHID2000 had initial registry data of NHIRD during 1996e2000 which was used to define their sociodemographic information. The enrollee category (EC) of all patients was registered in National Health Insurance Research Database (NHIRD). This study used EC as a measure of socioeconomic status to classify beneficiaries into four subgroups (EC 1eEC 4): EC 1 (civil servants, full-time, or regularly paid personnel in governmental agencies and public schools, and self-employed people); EC 2 (employees of privately owned enterprises or institutions); EC 3 (other employees or paid personnel, and members of the farmers' or fishers' associations); and EC 4 (substitute service draftees, members of low-income families, and veterans). On average, the payroll-related amount for health insurance was highest for EC 1, followed by EC 2, EC 3, and EC 4 [13] . To determine the level of urbanicity among the study cohort, we classified all 359 townships in Taiwan into three categories: urban, suburban, and rural areas. The urbanicity classification was based on five indices: population density, percentages of residents with college or higher education, percentages of residents aged >65 years, percentages of residents who were agriculture workers, and the number of physicians per 100,000 people [14] . We used Deyo's Charlson Comorbidity Index (CCI) to evaluate the comorbidities of patients, and the CCI score was calculated from January 1, 1997, to December 31, 2010, using 
the ICD-9 coding system [15] . The leading causes of death, most common catastrophic diseases and chronic diseases in Taiwan were also studied and defined as follows: cancer (ICD-9 codes as 140e208), liver cirrhosis (ICD-9 codes 571.2, 571.5, 571.6, 572.2, 572.3, 572.4, 572.8, and 573.0), stroke (ICD-9 codes 430e438), coronary artery disease (CAD; ICD-9 codes 410e414), chronic kidney disease (CKD; ICD-9 codes 582, 583, 585, 586, and 588), hypertension (ICD-9 codes 401e405), diabetes mellitus (DM; ICD-9 codes 250), hyperlipidemia (ICD-9 codes 272), chronic obstructive pulmonary disease (COPD; ICD-9 codes 491, 492, 496), asthma (ICD-9 codes 493), pneumonia (ICD-9 codes 480e486 and 507.0e507.8), hepatitis B (ICD-9 codes 070.2, 070.3, and V02.61), hepatitis C (ICD-9 codes 070.7, 070.41, 070.44, 070.51, 070.54, and V02.62), mental disease (ICD-9 codes 290e319) [16, 17] .
Statistical analysis
Basic demographic data were summarized as n (%) for categorical variables and mean with standard deviation for continuous variables. Distribution of comorbidities was tabulated as n (%). We used Chi-square test for comparison between three groups, and used Fisher's exact test for pairwise comparison between each group. SAS version 9.4 (SAS Inc., Cary, NC, USA) was used for statistical analysis.
Results
Patient characteristics
A total of 929,432 patients were included as the study cohort; among the patients, 923,044 had outpatient visits (outpatient samples) and 376,448 had admission to a hospital (inpatient samples). The demographic characteristics of the patients are presented in Table 1 . The sex ratio, age distribution, socioeconomic status, and urbanicity of the population of the CGRD are different from those of Taiwan NHIRD and medical centers in Taiwan for both outpatient and inpatient samples (all the pairwise p < 0.05).
For the outpatient samples, the case numbers for Group 1, Group 2, and Group 3 were 923,044, 552,451, and 195,529, respectively. The sex ratio (i.e., male-to-female ratio) was 50.7/49.3 in Group 1, 47.8/52.2 in Group 2, and 46.6/53.4 in Group 3. Both Groups 2 and 3 showed 3e4% female predominance compared with Group 1. The mean age of patients in Groups 1, 2, and 3 was 29.3 ± 19.8, 31.2 ± 19.9, and 31.9 ± 20.0 years, respectively. The mean age and age distribution in Group 2 were close to those in Group 3; compared with Group 1, the other two groups had a slight increase in patients in the 40e69-year age group (approximately 2%) and a decline in those in the 0e9-year age group (approximately Table 1 Baseline characteristics for outpatient and inpatient in NHIRD, Center, and CGRD.
Outpatient
Inpatient Regarding the inpatient samples, the case numbers for Groups 1, 2, and 3 were 376,488, 164,945, and 46,520, respectively. The sex ratio (i.e., male-to-female ratio) was 48.0/52.0 in Group 1, 50.2/49.8 in Group 2, and 49.6/50.4 in Group 3. Group 1 showed 1e2% female predominance compared with Groups 2 and 3. The mean ages of patients in Groups 1, 2, and 3 were 36.0 ± 21.1, 39.0 ± 21.1, and 38.7 ± 21.0 years, respectively. The mean age and age distribution in Group 2 were close to those in Group 3; compared with Group 1, the other two groups had a slight increase in patients in the 40e69-year age group (nearly 2e3%) and a drop in those in the 10e29-year age group (approximately 3e4%). The urbanicity level in Group 1 was close to that in Group 3, and both groups had a slight increase in suburban and rural populations (2e5%) and a reduction in urban population (approximately 7e8%) compared with Group 2.
Severity and prevalence of comorbidities
The patient comorbidities are listed in Table 2 . The severity of comorbidities, and prevalence of specific diseases of the population of the CGRD are significantly higher than those of Taiwan NHIRD and all medical centers in Taiwan for both outpatient and inpatient samples (all the pairwise p < 0.05). Regarding the outpatient samples, Groups 3 was determined to be tended to have a higher CCI score and higher prevalence of specific comorbidities than did Group 1 and Group 2. In Group 3, the prevalence rates of cancer, hepatitis C, and liver cirrhosis were 1.6 times higher than those in Group 1. Other diseases also showed higher prevalence rates (CKD was 1.5 times higher; stroke, COPD, asthma, DM, hyperlipidemia, CAD, and mental disease were 1.4 times higher; and hepatitis B, hypertension, and pneumonia were 1.3 times higher) in Group 3, compared with Group 1.
For the inpatient samples, Groups 3 was observed to be tended to have a higher CCI score and higher prevalence rates of specific comorbidities than did Group 1 and Group 2. In Group 3, the prevalence rates of liver cirrhosis, cancer, hepatitis C, and CKD were 1.7, 1.6, 1.5, and 1.4 times higher than those in Group 1. Other diseases also demonstrated higher prevalence rates (DM was 1.3 times higher; stroke, COPD, hyperlipidemia, hepatitis B, and hypertension were 1.2 times higher; and asthma, CAD, mental disease, and pneumonia were 1.1 times higher) in Group 3 compared with Group 1.
Population coverage
The overall and disease-specific coverage rates of the CGRD and medical centers are illustrated in Fig. 2 . For the outpatient samples, the overall coverage rate of the CGRD was 21.2% and the disease-specific coverage rate was 27e34%. The disease with the highest coverage rates were cancer (34%), liver Table 2 Comorbidities for outpatient and inpatient in NHIRD, Center, and CGRD.
Outpatient
Inpatient cirrhosis (34%), hepatitis C (34%), and CKD (33%). Regarding the inpatient samples, the overall coverage rate of the CGRD was 12.4% and the disease-specific coverage rate was 14e21%. The disease with the highest coverage rates were liver cirrhosis (21%), cancer (20%), hepatitis C (19%), and CKD (18%).
Discussion
To the best of our knowledge, this is the first study to evaluate the characteristics and coverage of a database of a private hospital system. The study results reveal the sex ratio, age distribution, socioeconomic status, urbanicity, severity of comorbidities, and prevalence of diseases of the population of the CGRD are different from those of Taiwan NHIRD and medical centers in Taiwan. Population of CGRD is tended to have a higher CCI score and higher prevalence of specific comorbidities than those of NHIRD and medical centers in Taiwan. The findings reveal CGRD could be a suitable database for studying patients with more severe and complicated diseases. The overall coverage of the CGRD was 21.2% for outpatients and 12.4% for inpatients (Fig. 2) . Among the total number of NHI enrollees in the year 2000 (n ¼ 23,753,407), the CGRD included data on 5 million patients for the outpatient sample and 2.9 million patients for the inpatient sample. Cancer, liver cirrhosis, and hepatitis C had the highest outpatient coverage rate (34%), whereas their inpatient coverage rate was 20%. These proportions accounted for 8.1 million outpatient and 4.8 million inpatient samples in the CGRD. This large sample size of the CGRD, including data on cancer, catastrophic diseases, and chronic diseases facilitates a large number of studies in these areas.
Being a large database, our results supported the CGRD to be suitable for use in public health and epidemiologic studies. In addition, the CGRD enhances statistical power when studying rare diseases or infrequent outcomes. Because the CGRD is updated annually, researchers can perform longitudinal studies from 2000, the year from which electronic medical records of CGMH became available. Staff members of CGMH who fulfill the requirements of conducting research projects are eligible to apply for the CGRD. Because data in the CGRD are not collected for a specific study, the observerexpectancy effect is minimized and the objectiveness of collected data is strengthened. Being free of cost, the concern about grant support is less pressing. According to experience of conducting studies based on the Taiwan NHIRD and UK General Practice Research Database, the low cost required to access CGRD data can considerably promote scientific research. NHIRD studies have rapidly expanded in both quantity and quality since the first study was published in 2000 [18] . Hence, the CGRD, which has numerous advantages, is expected to be a highly competitive database.
In contrast to the NHIRD, which contains secondary data from billing order and charge codes, the CGRD contains original data, and is therefore superior to the NHIRD. A critical limitation of the NHIRD is that it lacks data on examination results and health behavior; however, these are documented and comprehensively detailed in the CGRD. Second, the accuracy of diagnosis in the NHIRD is often criticized. By contrast in the CGRD, the diagnosis can be proved or supported by pathology studies and laboratory or other examinations. Third, the NHIRD does not include any data on selfpay or trial settings, which are accessible in the CGRD [19] . These advantages render the CGRD superior to the NHIRD. Cancer studies on the basis of the NHIRD are often criticized because of the lack of stage and histological classifications, which could be studied more completely in CGRD-based studies [20, 21] . In hepatitis studies, more precise diagnosis of samples can be established (hepatitis B, hepatitis C, or alcoholic hepatitis with or without liver cirrhosis) according to the history, unhealthy habits, serologic test results, and abdominal sonography report available in the CGRD.
Some challenges exist for the CGRD. First, although the government center of CGMH is expanding considerable effort to protect patients' privacy, it is necessary to keep pace with time and amount of data collected and stored and continue to Fig. 2 The coverage of the CGRD and medical centers for the outpatients (A) and inpatients (B) samples.
protect patients' privacy. Second, with the increasing utilization of the CGRD, more human resources with more specialized work will be required. Third, data collected before 2000 were traditional paper medical records and these are not currently available for researchers. Fourth, as long as the patients have ever visited other hospital for any medical issues, their medical information in CGRD won't be completed. Therefore, in the future, the CGRD should continue to improve with time and look forward to contribute more to human health studies worldwide.
Conclusions
The CGRD is a multi-institutional, original medical recordbased research database with high overall and diseasespecific coverage of Taiwan. The population of the CGRD have significantly higher severity of comorbidities, and prevalence of specific diseases than those of Taiwan NHIRD and medical centers in Taiwan.
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